Introduction: Blunt head trauma can injure the cavernous segment of the internal carotid artery (ICA). This may result in a carotid cavernous fistula (CCF). Rarely, a traumatic aneurysm may bleed medially causing massive epistaxis. Case presentation: We present two cases of traumatic intracavernous carotid pseudoaneurysms with delayed massive epistaxis. The patients were managed with endovascular treatment involving coil embolization with parent vessel sparing and detachable balloon occlusion with carotid sacrifice. Early clinical outcome was good in both patients. Wherever possible, the CARE 1 guidelines were followed in the reporting. Conclusion: These cases illustrate the delayed nature of traumatic aneurysms and the need for a high index of suspicion in the presence of skull base fractures. The use of endovascular detachable balloon occlusion and coil embolization treatment with parent vessel preservation is shown.
Introduction
Traumatic carotid false aneurysms are a rare but potentially fatal cause of epistaxis, having a mortality rate as high as 30%-50%. 2, 3 Presentation is typically delayed, with an interval of three days to six months; 50%-80% present by three weeks. 3 Epistaxis may be massive and recurrent if the diagnosis and treatment are delayed. Endovascular therapy is the treatment of choice, with success reported with the use of detachable coils, stenting with carotid sparing and balloon occlusion of the parent vessel. 4, 5 We report two unusual cases of delayed massive epistaxis from cavernous carotid false aneurysms after blunt trauma.
Case 1
A 32-year-old male sustained blunt head injury after a motor vehicle accident. His Glasgow Coma Score (GCS) was 14 on admission, with rapid improvement to 15/15. A computerized tomography (CT) scan revealed extensive skull base fractures involving the ethmoid, maxillary and sphenoid sinuses. He was managed conservatively and subsequently discharged. Four months later he represented with a right-side hemiparesis and dysphasia. A new CT scan revealed a left wedge middle cerebral artery (MCA) territory ischemic infarction with hemorrhagic conversion (Figure 1 ). No CT angiogram (CTA) was performed at this stage as the presentation was at a lower-level district hospital with limited radiology support. He was mistakenly managed medically for an ischemic stroke with aspirin 75 mg daily and Simvastatin 10 mg daily. One month subsequent, he re-presented with massive epistaxis, losing more than 1000 ml of blood, and requiring resuscitation. He had two further episodes of epistaxis, both significant. A CTA performed revealed a left-side carotid cavernous aneurysm (Figure 1(a) ), prompting referral to our institution.
He was admitted awake and alert, with a right arm monoplegia and ipsilateral leg paresis. A digital subtraction angiogram (DSA) showed an irregularity of the cavernous segment of the left internal carotid artery (ICA) ( Figure 2 ). A balloon test occlusion was performed which confirmed adequate cross-flow with a 2 second delay venous phase filling on ipsilateral carotid artery occlusion (Figure 2 (a)). A detachable balloon was positioned adjacent to the dilatation; on deploying the balloon it herniated into the sphenoid sinus. This was left in place and a second safety balloon deployed proximally in the cervical ICA to secure occlusion, sacrificing the parent vessel. The remainder of his hospital stay was unremarkable and he was discharged on day 4 with no new neurological deficit but persistence of the presenting dysphasia and hemiparesis.
Case 2
A 50-year-old male was involved in a motor vehicle accident and sustained blunt head trauma with a sphenoid body fracture involving the right carotid canal and a degloving scalp injury ( Figure 3 ). He was admitted to the plastic surgery unit for wound management. Initially, no angiographic study was performed. On day 9 of his admission, he developed massive epistaxis requiring a blood transfusion. An emergency angiogram revealed bilateral cavernous carotid false aneurysms. Opacification of the right sphenoid sinus on uncontrasted CT and irregularity of the aneurysm suggested the right-sided lesion to be the bleeding source (Figure 3 (a)). A balloon occlusion test of the right ICA showed good cross-flow from the left without development of symptoms from the patient. Right-side parent vessel balloon occlusion was performed without complication here again a proximal safety balloon was placed. The left-side false aneurysm (Figure 3 (b)) was treated with detachable coil embolization with preservation of carotid flow.
He recovered well post-operatively and was discharged without development of new neurological deficits.
Discussion
With extensive traumatic skull base fractures, injury to the carotid artery may occur when the forces are transmitted to where the artery is fixed in the skull base. The cavernous sinus is one of these areas. Traumatic intracranial aneurysms are classified pathologically into true, false and mixed aneurysms, depending on extent of vessel wall disruption. Focal luminal dilatation from injury to the intima, internal elastic layer and media leads to a true saccular aneurysm. A traumatic false aneurysm has injury to all three layers with formation of a false lumen, contained by adventitia. 6 Such lesions may be asymptomatic or commonly present after contained rupture as a carotid-cavernous fistula. Less frequently, these lesions may present with epistaxis from an aneurysmal rupture into the disrupted sphenoid sinus, which can be life threatening. These aneurysms are called false aneurysms as they lack the three-layer integrity of true aneurysms. Traumatic aneurysm walls are composed of thrombus and some extravascular tissue; 7, 8 this also contributes to the higher rupture risk.
Although protocols exist that help identify patients at risk for blunt cerebrovascular injury, 9 the delay in onset and presentation of traumatic cavernous carotid aneurysms may result in false-negative CT angiographic studies in the acute period. At our institution, we have a selective approach to screening for cerebrovascular injury. All patients with traumatic brain injury who require a CT scan have bone window included. If this modality reveals fracture to the sphenoid or petrous bones, then a CTA is performed. If a CTA shows a false aneurysm, vessel spasm, luminal filling defect or cut-off, then we proceed to DSA. This is performed early in the injury period and when negative, followup imaging is not performed. Although there is a risk of missing delayed aneurysm formation, subsequent imaging after negative initial CTA has not been cost effective.
A delayed presentation is not uncommon but our first patient not only presented late but suffered a thrombo-embolic complication that was not considered to be related to the trauma he had sustained four months prior. It was only when he presented with epistaxis that it became apparent that he might have a pseudoaneurysm of the cavernous carotid. Although no dissecting flap was clearly identified on the vascular study, it was thought that the etiology of his infarction was embolic and related to the vessel injury. The side of the lesion also lateralized to the location of the aneurysm. While the second patient's presentation was more typical, it is unusual to have bilateral carotid injury. It seemed that the right pseudoaneurysm was responsible for the epistaxis as the sphenoid sinus on the right was opacified. The carotid on the right was sacrificed as this was thought to be the quickest and safest way to prevent further hemorrhage. It was essential to preserve the left ICA and for this reason simple coiling of the false aneurysm was chosen. Although selective coiling is not an adequate treatment for a false aneurysm, in this case the area of disruption was small and felt likely to heal. The need for anti-platelet medication was also avoided. A shortcoming, specifically for the second patient treated with detachable coils only, was the inability to perform follow-up imaging to ensure sustainability of treatment. Both patients were referred from remote provinces, making close follow-up difficult.
Interventional approaches to traumatic aneurysms have evolved from Huntarian parent vessel ligation to a largely endovascular paradigm. Success has been reported with the use of Guglielmi detachable coils (GDCs), detachable balloons (outside of the United States (US)) and flow-diverting stents for parent vessel reconstruction. [10] [11] [12] [13] Because a false aneurysm is essentially an encapsulated hematoma communicating with the vessel lumen, treatment with coil embolization only carries risk of rupture or recanalization. We chose this modality for the left-side aneurysm in the second patient because it was the safest route after right-side vessel occlusion. We have been unable to assess the durability of this choice. Stent-assisted coiling has been preferred with parent vessel preservation or carotid artery sacrifice using either coils or balloons. 14 Although detachable balloon devices are not approved in the US, these are in use in Europe, South Africa and Asia. 15 Balloon test occlusion for evaluating adequacy of cross perfusion was performed in both patients, allowing for safe parent vessel occlusion. This technique was validated by van Rooij et al., who defined it as synchronous venous phase filling with <0.5 second delay. 16 This strict angiographic criteria was expanded on by Abud et al., who in their series defined a negative test allowing for safe carotid occlusion as delay of <2 seconds' filling between injected and occluded hemisphere. They also demonstrated the feasibility of performing test occlusion under general anesthesia, obviating the need for clinical examination. 17 It is the authors' practice to routinely deploy a proximal safety balloon when using this technique for vessel sacrifice. Detachable balloons are also our preference because of relative affordability and allowing for rapid occlusion.
Conclusion
Patients with traumatic carotid injury and a false aneurysm directed into the sphenoid sinus may be missed on presentation. This is because they may not have active bleeding or only minor epistaxis at the time of injury. The combination of epistaxis and a skull base fracture through the sphenoid should prompt immediate CTA. Even sphenoid body fracture alone may be associated with carotid injury and warrants investigation with CTA. A CTA as an initial screening tool is appropriate as it is fast and can be performed immediately on recognition of high-risk fractures. A DSA is indicated if CTA reveals a lesion or is inconclusive in the patient with a high-risk mechanism and fractures. When patients present with massive epistaxis from a cavernous carotid injury, urgent treatment is required and where possible carotid closure offers the most rapid and safe way to stop hemorrhage.
